Aims Little is known about the long-term effects of intensive multifactorial treatment early in the diabetes disease trajectory. In the absence of long-term data on hard outcomes, we described change in 10-year modelled cardiovascular risk in the 5 years following diagnosis, and quantified the impact of intensive treatment on 10-year modelled cardiovascular risk at 5 years.
Introduction
Type 2 diabetes is associated with significantly elevated all-cause and cardiovascular disease-related mortality, as well as a higher incidence of micro-and macrovascular disease. Among individuals with established diabetes, risk of cardiovascular disease and mortality can be reduced by intensive treatment of multiple risk factors, including blood pressure, cholesterol and glucose, although there remains some uncertainty about the merits of tight glycaemic control. Treatment of individual cardiovascular disease risk factors is also effective [1] but we know less about intensive treatment earlier in the disease trajectory. Long-term results from the UK Prospective Diabetes Study (UKPDS) suggest a beneficial effect of intensive treatment of glucose in those with shorter diabetes duration [2] . Promotion of opportunistic screening [3] and testing for diabetes in at-risk asymptomatic patients [4, 5] will lead to a greater number of individuals being diagnosed early. However, there are a number of outstanding uncertainties that need to be resolved before intensive multifactorial treatment can be recommended in this patient group.
ADDITION-Europe is a parallel-group randomized controlled trial exploring the effect of an intervention to promote intensive multifactorial treatment in a population with screen-detected Type 2 diabetes. Five-year results from the ADDITION-Europe trial show small but significant increases in treatment and reductions in many cardiovascular disease risk factors, but a non-significant 17% reduction in cardiovascular events [6] . Longer-term follow-up may be needed in order to establish whether early intensive treatment reduces cardiovascular risk [2] .
In the absence of long-term data on hard outcomes, the difference in 10-year modelled cardiovascular disease risk at 5 years in ADDITION-Europe can shed light on the early cardiovascular disease experience of screen-detected individuals. We aimed to (1) describe the change in 10-year modelled cardiovascular risk in the 5 years following diagnosis with this screen-detected population and (2) quantify the impact of the intervention on 10-year modelled cardiovascular risk at 5 years.
Methods
The design and rationale for the ADDITION-Europe trial have been previously reported (Clinical Trials Registry No; NCT 00237549) [6] . In brief, ADDITION-Europe is a primary-care-based study of a pragmatic cluster randomized controlled trial in a screen-detected diabetes population, comparing intensive multifactorial treatment with routine care in four centres (Cambridge, UK; Denmark; Leicester, UK; the Netherlands). Of 1312 general practices invited to participate, 379 (29%) agreed and 343 (26%) were independently randomized into routine care or intensive multifactorial treatment. Between April 2001 and December 2006, practices undertook stepwise screening of patients aged 40-69 years (50-69 years in the Netherlands), without known diabetes. Individuals were not invited for screening if they were pregnant or lactating, housebound, terminally ill with a prognosis of less than 12 months or had a psychiatric illness likely to invalidate consent. Individuals were diagnosed with diabetes according to World Health Organization (WHO) criteria [7] . Of the 3233 patients identified with diabetes by screening, 3057 (95%) consented to participate in the trial. The study was approved by local ethics committees in each centre. All participants provided written informed consent.
Intervention
The characteristics of the interventions to promote intensive treatment in each centre have been described previously (http://www.addition.au.dk/) [6, [8] [9] [10] [11] . Family doctors, practice nurses and participants were educated in target-driven management (using medication and promotion of healthy lifestyles) of hyperglycaemia, blood pressure and cholesterol, based on the stepwise regimen used in the Steno-2 study [12] . The intervention delivered was practice based, except in Leicester, where patients also had access to individualized community clinics every 2 months [6, 10] . Treatment targets and algorithms were based on trial data [6, 8, 13] . Targets included HbA 1c < 53 mmol/mol (7.0%) if HbA 1C > 47.5 mmol/mol (6.5%), blood pressure ≤ 135/85 mmHg if ≥ 120/ 80 mmHg, cholesterol < 5 mmol/l without ischaemic heart disease or < 4.5 mmol/l with ischaemic heart disease, and prescription of aspirin to those treated with anti-hypertensive medication. Statins were recommended to all patients with a cholesterol level ≥ 3.5 mmol/l following results from the Heart Protection Study [14] . Individuals in the routine care group received the standard pattern of diabetes care according to current recommendations in each centre.
Measurement and outcomes
Trained staff independently assessed patients' health at baseline and after 5 years of follow-up by collecting biochemical and anthropometric data according to standard operating procedures. Self-report questionnaires were used to collect information on socio-demographic information, lifestyle habits and medication use. All staff collecting measurements were unaware of treatment group allocation. Changes in biochemical measures and medication from baseline to 5-year follow-up have been reported previously [6] .
Individuals were followed for a mean of 5.7 years. The primary endpoint for this analysis was 10-year modelled cardiovascular disease risk, calculated from the UKPDS model (version 3b) [15] , at 5 years post-diagnosis. This is a diabetes-specific risk assessment tool that estimates the absolute risk of fatal or non-fatal cardiovascular disease within a defined time frame up to 20 years. Participants with complete data on the UKPDS score variables at baseline and What's new?
• Little is known about intensive treatment of Type 2 diabetes early in the disease trajectory.
• In ADDITION-Europe, a cluster-randomized trial of multifactorial treatment vs. routine care among individuals with screen-detected diabetes, there was a decline in 10-year modelled cardiovascular disease risk in both trial groups in the 5 years following diagnosis.
• Compared with routine care, modest increases in intensity of treatment were associated with a small but significantly lower modelled cardiovascular disease risk value at 5 years.
• Practitioners should be encouraged to treat multiple risk factors intensively from diagnosis to reduce the cardiovascular burden of Type 2 diabetes.
5-year follow-up were assessed. The variables include age, gender, ethnicity, smoking status, HbA 1c , systolic blood pressure, total-to-HDL cholesterol ratio, atrial fibrillation, previous myocardial infarction or stroke, microalbuminuria (albumin:creatine ratio ≥ 2.5 mg/mmol in men or ≥ 3.5 mg/ mmol in women), macroalbuminuria (albumin:creatine ratio ≥ 30 mg/mmol), duration of diagnosed diabetes and BMI. We did not have data on atrial fibrillation in ADDI-TION-Europe participants, so all individuals were coded as zero (no atrial fibrillation). There was a large proportion of missing data for smoking at 5-year follow-up in the Netherlands (29%), so values from baseline were carried forward if missing at follow-up for all centres.
Statistical analysis
Individuals who had died before 5-year follow up were excluded from all analyses. We summarized characteristics of ADDITION-Europe participants by trial group at baseline and 5-year follow-up. We report change from baseline to follow-up in each treatment group. Intermediate endpoints and modelled cardiovascular disease risk at 5 years were analysed within each centre using linear or logistic regression, with adjustment for the endpoint baseline values. A robust variance estimate based on practice level clustering was specified in the model. Centre-specific estimates of the difference between treatment groups were combined using fixed-effects meta-analysis. The I 2 statistic was used to estimate heterogeneity between study centres [16] .
In order to characterize missing data, we used logistic regression to model the odds of having a missing modelled risk score value at follow-up, adjusting for demographic and risk factor measurements as well as clustering at baseline. We also explored the impact of missing data at baseline and follow-up. First, individuals with missing modelled risk score at baseline were included in the analysis using the missing indicator method [17] . Then we extended the this analysis further with a pattern-mixture model [18] , with the assumption that mean cardiovascular disease risk was, on average, 10% higher in individuals lost to follow-up.
We performed sensitivity analyses by (1) excluding individuals with prevalent or incident cardiovascular disease and (2) excluding those individuals with missing data for smoking at 5 years.
In all analyses, individuals were assigned to the groups to which they were originally randomized. Data were analysed using Stata version 12.1 (StataCorp., College Station, TX, USA).
Results

Participant characteristics
One hundred and ninety-six people were excluded as they died before 5-year follow-up (see Supporting Information, Fig. S1 ). A further 760 individuals were excluded as they did not have complete data to calculate the UKPDS risk score at baseline and follow-up, leaving 2101 (73%) participants with complete data for analysis. Participants who did not have data for modelled risk at follow-up were more likely to smoke at baseline (odds ratio 1.6; 95% CI 1.2-2.4) and be obese (BMI > 30 kg/m 2 , odds ratio 1.6; 95% CI 1.1-2.3)
than those with complete data. No other differences between those lost to follow-up and the complete case analysis sample were found. Practices were well matched at baseline [6] . Overall, participants were well matched at baseline (Table 1 ). There were minor differences between groups at the centre level. Use of hypertensive and lipid-lowering drugs was higher in the intensive treatment group in Leicester. In Denmark, the intensive treatment group had a larger number of participants who reported previous myocardial infarction (6.2% vs. 4.5%) and stroke (2.6% vs. 1.3%) at baseline compared with the routine care group. Further, there were more patients with diabetes in the intensive treatment compared with the routine care group (837 and 579, respectively). Between centres, a lower prevalence of previous myocardial infarction or stroke at baseline was present in Denmark and in the Netherlands compared with the UK centres. All other values were similar between centres. Prescription of cardio-protective drugs increased in both groups, with glucose-lowering, anti-hypertensive and lipid-lowering drugs more commonly prescribed in the intervention group at follow-up (Table 1 ). There were small but significant differences between groups for change in systolic blood pressure and total:HDL ratio and LDL cholesterol, in favour of the intensive treatment group (Table 1) .
Change in 10-year modelled cardiovascular disease risk Ten-year modelled cardiovascular disease risk was 27.3% (SD 13.9) at baseline in the ADDITION-Europe trial cohort and 21.3% (SD 13.8) at 5 years (Table 2) . Across all four centres there was a decline in modelled risk from baseline to follow-up in both the routine care (-5.0%; SD 12.2) and intensive care group (-6.9%; SD 9.0). Figure 1 shows the distribution of cardiovascular disease risk at baseline and follow-up separately by treatment group. For both groups, the distribution of modelled cardiovascular disease risk shifted to the left. Declines in modelled risk from diagnosis to 5 years were correlated with decreases in lipid, glucose and blood pressure values (see Supporting Information, Fig. S2 ).
Difference in 10-year modelled cardiovascular disease risk between groups at 5-year follow-up Within all four centres, cardiovascular disease risk was lower in the intensive treatment group compared with the routine care group at 5 years ( groups ranged from -0.9% (95% CI -3.6 to 1.7) in Cambridge to -4.8% (95% CI -8.4 to -1.3) in the Netherlands. There was moderate variation between centres (I 2 = 53.6%). When results from each centre were combined, 10-year modelled cardiovascular disease risk was significantly lower: -2.0%; 95% CI -3.1 to -0.9 in the intensive treatment group, after adjustment for baseline cardiovascular disease risk and clustering. Sensitivity analyses suggest that this result was robust to data missing not at random (see Supporting Information, Fig. S3 ). Similarly, results remained the same when individuals with prevalent or incident cardiovascular disease were excluded, and when individuals with missing data for smoking at 5 years were excluded (see Supporting Information, Fig. S3 ).
Discussion
In spite of increasing age and duration of diabetes, there was a decline in modelled cardiovascular disease risk in patients with diabetes in the 5 years following detection by screening.
Further, compared with routine care, modest increases in intensity of treatment in the first 5 years after diagnosis were associated with improvements in cardiovascular disease risk factors, and with a small but significantly lower modelled cardiovascular disease risk value at 5 years (-2.0%; 95% CI -3.1 to -0.9). Our results highlight the importance for practitioners of intensively targeting cardiovascular risk factors early in the diabetes disease trajectory, where the rate of cardiovascular disease risk progression may be slowed.
Comparison with other studies
A small but non-significant reduction in the relative hazard of the composite cardiovascular disease endpoint (hazard ratio 0.83; 95% CI 0.65-1.05) was present in the ADDI-TION-Europe trial at 5 years [6] . There are no other trial data from screen-detected diabetes populations with which to compare our results. However, similar improvements in the cardiovascular disease risk factors that drive modelled cardiovascular disease risk were seen in the patients with clinically diagnosed diabetes in the UKPDS trial at 6 years of follow-up [19] . Similar decreases in cardiovascular disease risk factor values in the 12 months following diagnosis have been reported among newly diagnosed patients enrolled in cardiovascular disease risk reduction lifestyle interventions [20, 21] . While there is a lack of studies intervening early in the diabetes disease trajectory, our results are supported by studies of individuals with established diabetes, for example, in the multifactorial Steno-2 study [12, 22] , as well as similar 1-year modelled risk improvements in two trials of pharmacist-led behavioural advice compared to routine care [23, 24] . In ADDITION-Europe, 5.3% of individuals in the routine care group experienced a myocardial infarction or stroke in the first 5 years, compared with 9.3% of the routine care group in the first 6 years of follow-up in the younger UKPDS cohort (mean age 53 vs. 60 years) [19] . While the length of follow-up differs, it is likely that the extent of the difference is attributable to underlying changes in routine care. At baseline in the UKPDS, which began recruitment two decades before ADDITION-Europe, 12% of patients were prescribed blood pressure-lowering medication and 0.3% of individuals were prescribed lipid-lowering medication [13] . In ADDITION-Europe, at baseline, 45% were prescribed anti-hypertensive medication and 16% were prescribed lipid-lowering medication. This suggests that cardiovascular disease prevention in populations at risk of diabetes has improved between the recruitment phases of the two studies. Furthermore, the delivery of diabetes care in the general practice setting continued to improve throughout the trial. The introduction of the Quality and Outcomes Framework in the UK and evidence-based guidelines in the Netherlands and Denmark, as well as general promotion of cardiovascular disease risk management in people with diabetes [25] [26] [27] , may have decreased the potential to achieve a difference in treatment and thus a larger difference in cardiovascular disease risk between groups [25] .
Strengths and limitations
ADDITION-Europe participants were recruited from a large population-based sample in three European countries. Participants were diagnosed according to WHO criteria. Randomizing general practices reduced the risk of intervention contamination. Treatment guidelines across the centres at baseline were similar [25] [26] [27] [28] , but centres were encouraged to implement screening and treatment algorithms to suit their local environment. Participant retention was high at follow-up. We assessed clinically important outcomes using standard operating procedures and staff were blind to treatment allocation. Overall, 27% of data were missing from the primary analysis. The effect of missing data at baseline and follow-up was explored using methods appropriate for a trial, and results suggested that the primary analysis likely represented an accurate intent-to-treat analysis. Derived from over 40 000 patient-years of data and 1115 cardiovascular disease events [15] , the latest refinement of the UKPDS risk score is the most appropriate tool for predicting 10-year modelled cardiovascular disease risk in this population [29] . Modelled cardiovascular risk may have been overestimated in our contemporary cohort as routine care after diagnosis is more intensive than that experienced by the UKPDS population. This would not have altered our effect size estimates differentially by group. Clinically diagnosed atrial fibrillation was unavailable, and this variable was set to 0 in the UKPDS model. As there was no difference in self-reported atrial fibrillation at 5 years between routine care (13.3%) and intensive treatment groups (14.0%), it is unlikely that inclusion of this variable in the UKPDS model would affect our main findings.
People that died between baseline and follow-up were excluded from this analysis (n = 196). While 24% (n = 48) of these deaths were attributed to cardiovascular disease, 1.6% (22/1377) of the routine care group and 1.5% (26/1678) of the intensive treatment group experienced a cardiovascular disease-related death. By excluding the 196 incident deaths before follow-up, it is likely that we have slightly underestimated the effect of intensive treatment on modelled cardiovascular disease risk. Participants were predominantly of white ethnic origin (93%), potentially limiting the extrapolation of these findings to more ethnically diverse centres. However, as prevention of diabetes-related complications in ethnic minorities is also effective [30] , it is likely that the finding in favour of the intervention would remain. The most notable difference in the application of the treatment algorithm was in Leicester, where the education components of the intervention were delivered through the DESMOND structured education programme (http://www.desmond-project.org.uk/). Further differences were seen in Denmark, where practices completed opportunistic screening, potentially leading to over-selection of those at increased risk at baseline. It is likely these influences, in combination with differences in national characteristics across centres, accounted for most of the 54% of heterogeneity not attributable to chance identified in the analysis (I 2 statistic 53.6%).
Implications for practice
Previous literature has indicated that the benefits of intensive treatment are not restricted to those at highest risk [31] . After receiving the diagnostic label of diabetes, many ADDITION-Europe participants were prescribed treatment for multiple cardiovascular disease risk factors [6] and there was a decline in modelled cardiovascular disease risk across the whole risk distribution from baseline to 5-year follow-up. This has important implications for diabetes treatment. The American Diabetes Association recommends that diabetes testing should be considered in adults of any age with a BMI ≥ 25 kg/m 2 and one or more known risk factors for diabetes [5] . Screening guidelines or programmes have also been introduced in the UK [4] , Canada [32] and Australia [33] . These recommendations are likely to result in an increased number of individuals detected earlier in the disease trajectory. If early detection followed by intensive treatment, or even followed by the high standard of routine care now offered by primary care providers, leads to a population level shift in cardiovascular disease risk, it is likely that a large number of cardiovascular disease events might be averted. Small increases in treatment were not associated with a significant reduction in risk of events within 5 years [6] , but were associated with a significant reduction in modelled events from 5 to 15 years. This suggests long-term follow-up of ADDITION-Europe beyond 5 years may mirror post-trial findings from the UKPDS study [2] . Future research should examine (1) whether this slowing of cardiovascular disease risk progression in the first 5 years after diagnosis leads to a sustained reduction in actual cardiovascular disease events over a longer follow-up time and (2) which individuals achieved more risk reduction than others to inform the development and targeting of future interventions.
Conclusion
When compared with routine care, a modest increase in the treatment of risk factors among patients with Type 2 diabetes in the first 5 years after detection by screening was associated with a small but significant reduction in 10-year modelled cardiovascular disease risk at 5 years. Furthermore, cardiovascular disease risk estimates declined across the whole cohort from baseline to follow-up, in spite of increases in age and diabetes duration. Health practitioners are therefore encouraged to treat multiple cardiovascular risk factors early and intensively in the diabetes disease trajectory, where the rate of cardiovascular disease risk progression may be slowed. Longer-term follow-up of outcomes in the ADDITION-Europe trial cohort, alongside examination of microvascular, quality of life and cost data, is planned to establish the cost-effectiveness of early intensive treatment among screen-detected patients. The sponsors did not participate in the design or conduct of this study; in the collection, management, analysis, or interpretation of data; in the writing of the manuscript; or in the preparation, review, approval, or decision to submit this manuscript for publication.
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